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(54) MANUFACTURE OF ORGANIC EL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance adhesion between 
layers of stacked organic films, increase luminescent brightness, 
make manufacture easy, and reduce manufacturing cost. 
SOLUTION: An anode 2 is formed on a substrate 1 by sputtering 
of metal. A hole transportation layer 3 and an electron 
transportation layer 4 are formed on the anode 2 by a spin 
coating process, and a cathode 6 is formed on the layer 4. The 
hole transportation layer 3 and the electron transportation layer 4 
are formed with a solution prepared by dissolving an organic 
material and a binder in a solvent, the solvent used for forming 
the electron transportation layer 4 slightly dissolves the organic 
material in the hole transportation layer 3. When the electron 
transportation layer 4 is formed, the organic materials contained 
in both layers 3, 4 are dissolved, and a mixed region 5 is formed 
in the boundary of the hole transportation layer 3 and the electron 

transportation layer 3, and adhesion between both layers 3, 4 is increased by the existence of the 
mixed region 5. 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method 

of the organic EL device used for a flat-panel display, a back light, etc. 

[0002] 

[Description of the Prior Art] The organic EL device consists of a configuration which sandwiched 
the organic emitter between counterelectrodes, and from an anode plate, an electron is poured in 
from cathode, and from it, an electron hole emits light, when this electron hole and electron that 
were poured in recombine within a luminescent organic layer. As such an organic EL device, the 
thing of the multilayer structure in which an organic layer has a hole-injection layer and an 
electron injection layer in addition to the thing of a monolayer and the layer which emits light etc. 
is known. 

[0003] They are a monolayer or the thing which forms two or more layers and forms cathode, such 
as Mg-Ag, on it about the organic layer which had electron hole transportability, a luminescence, 
and electronic transportability with the spin coat method etc. as vacuum evaporationo or a wet 
method as the manufacture method, for example on the glass which vapor-deposited transparent 
electrodes, such as ITO. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned manufacture 
method, although vacuum evaporationo was adopted as membrane formation of a low-molecular 
organic layer, there was a trouble that productivity was bad and a manufacturing cost became high. 
Moreover, in the above-mentioned manufacture method, although wet methods, such as a spin 
coat, are adopted as membrane formation of a macromolecule organic layer and the stability is 
usefiil to the improvement in a life, since it is necessary to melt the organic substance with a 
solvent and to form membranes, in case two or more layers are formed with a wet method, 
selection of the solvent for each class is difficult from viewpoints, such as adhesion, and the 
luminescence property of the request by selection of a solvent being unsuitable is not acquired. 
. Moreover, unlike the vacuum deposition which forms membranes in a vacuum, with the spin coat 
method which forms membranes in atmospheric air, impurities, such as an oxide film and a 
contaminant, tended to enter between layers, and there was a trouble that the adhesion of an 
interface important for charge impregnation tends to fall. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, as for this 
invention, each organic substance of both that dissolves the organic substance and a binder with a 
solvent in a manufacture method of an organic EL device, forms membranes with a wet method on 
an anode plate, and is contained in both the above-mentioned layers on a boundary of an electron 
hole transportation layer and an electronic transportation layer forms a dissolved mixing zone, as 
for an electron hole transportation layer and an electronic transportation layer. And by forming 
membranes with a wet method in this way, and forming a mixing zone in a boundary, adhesion 
between layers of a laminating organic film can be improved, and luminescence brightness can be 
raised. 
[0006] 

[Embodiment of the Invention] In the manufacture method of the organic EL device which emits 
light by the interface between the above-mentioned electron hole transportation layer and an 
electronic transportation layer by this invention's having an electron hole transportation layer and 
an electronic transportation layer between an anode plate and cathode, and impressing a direct 
current between the above-mentioned anode plate and cathode An electron hole transportation 
layer and an electronic transportation layer dissolve the organic substance and a binder with a 
solvent, form membranes with a wet method on an anode plate, and are characterized by forming 
in the boundary of an electron hole transportation layer and an electronic transportation layer the 
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mixing zone which botk aie organic substance contained in both is dissolving. 
[0007] As for the solvent used for the above-mentioned electron hole transportation layer and one 
layer of the electronic transportation layers, it is desirable for it to be able to dissolve slightly to the 
organic substance of the layer of another side, although it is poorly soluble. In this case, in case 
poor solubility forms an about 50 morenm layer on an about 50nm layer, it means the solubility 
which is a degree by which about 20nm of mixing zones is formed between the time amount 
which is about 5 - 10 seconds when a solvent evaporates. A mixing zone cannot be formed in an 
interface as it is insolubility (solubility is 0), but a problem is in both adhesion, and on the other 
hand, in soluble, when solubility is too large, a mixing zone increases too much, two layers 
harmonize completely, and it becomes impossible to fully achieve the function, respectively. 
Therefore, the optimal solubility for forming the mixing zone where sufficient adhesion is 
moreover acquired is selected, two layers dissociating and fully achieving the function, 
respectively. 

[0008] As for the above-mentioned wet method, it is desirable that it is a spin coat method. 
[0009] If a mixing zone is formed in an interface as mentioned above, even when forming 
membranes with a wet method, the adhesion of an interface important for charge impregnation 
improves, and it works so that luminescence brightness may become high. Moreover, if it 
manufactures with a wet method, productivity will improve, and it will work so that a 
manufacturing cost may be reduced. 
[0010] 

[Example] In accordance with the suitable example which showed the details of this invention to 
the drawing, it explains below. Drawing 1 is the cross section showing typically the organic EL 
device of the double layer manufactured by this example, on glass or the substrate 1 of synthetic 
resin, carries out sputtering of the metals, such as gold, platinum, palladium, and ITO, and forms 
an anode plate 2. Since an anode plate 2 makes luminescence penetrate, a transparent thing is 
desirable in a wavelength field 400nm or more. 

[001 1] Next, the electron hole transportation layer 3 is formed with a spin coat method on an 
anode plate 2. An electron hole transportation layer dissolves the tetra-phenyl diamine (TPD) 
which what dissolved the organic substance and a binder with the solvent was used, for example, 
was excellent in electron hole transportability as the organic substance, and the 
polymethylmethacrylate (PMMA) which is a binder by dichloromethane (solvent), and forms this 
in thickness of 50nm as an example with a spin coat method on an anode plate 2. 
[0012] Next, the electronic transportation layer 4 is formed with a spin coat method on the electron 
hole transportation layer 3. An electronic transportation layer dissolves the tris(8- 
hydroxyquinolinate)aluminium (Alq3) which what dissolved the organic substance and a binder 
with the solvent was used, for example, had a luminescence and electronic transportability as the 
organic substance, and PMMA which is a binder, using 1-propanol or isobutyl alcohol as a 
solvent, and forms this in thickness of 50nm as an example with a spin coat method on the 
electron hole transportation layer 3. 

[0013] In this case, the poorly soluble thing in which the 1-propanol or isobutyl alcohol used as a 
solvent of the electronic transportation layer 4 has some solubility to TPD which is the organic 
substance of the electron hole transportation layer 3 is chosen. For this reason, TPD which is the 
organic substance in the electron hole transportation layer 3 on the occasion of membrane 
formation of the electronic transportation layer 4 on a boundary with the electron hole 
transportation layer 3 and Alq3 which is the organic substance in the electronic transportation layer 
4 The mixing zone 5 which both melted together extends for about 20nm, and is formed. 
[0014] Thus, poor solubility (some solubility) is solubility which is a degree in which about 20nm 
of mixing zones is formed among about 5-10 seconds of solvent evaporation time amount. 
Although PMMA which is a binder has solubility in both solvents, it becomes, and since it is long, 
it does not have dissolution time amount several hours or more and that PMMA dissolves all over 
a mixing zone 5 in about several seconds. 

[0015] Next, the metal of a low work function or its alloy, for example, Mg-In, is vapor-deposited 
as cathode 6 on the electronic transportation layer 5. 
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[0016] Thus, the luminescence brightness was investigated about the manufactured organic EL 
device. In this organic EL device, the mole ratio of the organic substance contained in the electron 
hole transportation layer 3, the electronic transportation layer 4, and the whole mixing zone 5 was 
TPD/Alq 3 = 0.67, it was what was manufactured as became PMMA:TPD+Alq3 =1 : 1 wt%, and 
that highest brightness was 900 cd/m2. The rise of the brightness of about ten percent is seen 
compared with an organic EL device without this brightness of five mixing zone. 
[0017] Drawing 2 is other examples of an organic EL device, and makes an electronic 
transportation layer two-layer. Namely, the 1st electronic transportation layer 41 dissolves the tris 
(8-hydroxyquinolinate)aluminium (Alq3) which was the same as the electronic transportation layer 
4 explained by drawing 1 , and had a luminescence and electronic transportability as the organic 
substance, and PMMA which is a binder, using 1-propanol or isobutyl alcohol as a solvent, and 
forms this in thickness of 50nm with a spin coat method on the electron hole transportation layer 3. 
Under the present circumstances, TPD which is the organic substance in the electron hole 
transportation layer 3 on a boundary with the electron hole transportation layer 3 on the occasion 
of membrane formation of the 1st electronic transportation layer 41 and Alq3 which is the organic 
substance in the electronic transportation layer 41 It is the same as that of the above-mentioned 
example for the mixing zone 5 which both melted together to extend for about 20nm, and to be 
formed. 

[0018] Next, the 2nd electronic transportation layer 42 is formed in thickness of 50nm as an 
example with a spin coat method on the 1st electronic transportation layer 41 . The 2nd electronic 
transportation layer 42 dissolves the phenyl PIFENIRUOKISA diazole (Bu-PBD) which has 
electronic transportability as the organic substance, and PMMA which is a binder, using 
dichloromethane as a solvent, and forms this in thickness of 50nm with a spin coat method on the 
1st electronic transportation layer 41. In case the 2nd electronic transportation layer 42 is formed, 
it is desirable after membrane formation of the 1st electronic transportation layer 41 to carry out, 
after the solvent dries to some extent, and although the degree of adhesion between both layers is 
fully obtained, it is desirable [ a degree of adhesion ] to form so that it may not dissolve in the 
degree which forms a mixing zone. A mixing zone 5 is formed in the boundary of the electron hole 
transportation layer 3 and an electronic transportation layer (this example 1st electronic 
transportation layer 41) in this invention. The same sign is substantially given to the same part 
with the example shown in other drawing 1 , and detailed explanation is omitted. 
[0019] Also in this example in which the mixing zone 5 was formed on the boundary of the 
electron hole transportation layer 3 and the 1st electronic transportation layer 41, the point that 
interface adhesion improved and luminescence brightness rose is the same as that of the example 
of drawing 1 . 
[0020] 

[Effect of the Invention] When a mixing zone forms in the boundary of an electron hole 
transportation layer and an electronic transportation layer, even if it forms membranes with a wet 
method, the adhesion between layers important for charge impregnation can be improved, and 
luminescence brightness can be made high. 

[0021] Moreover, although it is poorly soluble, if what can be dissolved is used to the organic 
substance of the layer of another side as a solvent of one layer, while manufacture of a mixing 
zone is easy, each function of each class can be maintained. 

[0022] Furthermore, by manufacturing with wet methods, such as a spin coat method, productivity 
can improve and a manufacturing cost can be reduced. , 
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CLAIMS 

[Claim(s)] 

[Claim 1] In a manufacture method of an organic EL device which emits light by interface 
between the above-mentioned electron hole transportation layer and an electronic transportation 
layer by having an electron hole transportation layer and an electronic transportation layer between 
an anode plate and cathode, and impressing a direct current between the above-mentioned anode 
plate and cathode The above-mentioned electron hole transportation layer and the above- 
mentioned electronic transportation layer dissolve the organic substance and a binder with a 
solvent, and form membranes with a wet method on the above-mentioned anode plate. A 
manufacture method of an organic EL device characterized by forming in a boundary of the above- 
mentioned electron hole transportation layer and the above-mentioned electronic transportation 
layer a mixing zone which each above-mentioned organic substance contained in both the above- 
mentioned layers is dissolving [ both ]. 

[Claim 2] A solvent used for either layer of the above-mentioned electron hole transportation layer 
and the above-mentioned electronic transportation layer in claim 1 is the manufacture method of 
an organic EL device characterized by the ability to dissolve slightly to the organic substance of a 
layer of another side although it is poorly soluble. 

[Claim 3] It is the manufacture method of an organic EL device characterized by the above- 
mentioned wet method being a spin coat method in claims 1 or 2. 
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